I report detections of four new Hi 21-cm absorbers associated with sources at intermediate redshifts, 0.7 < z < 1.0. The sources are part of a sample of 11 radio-loud galaxies, all at 0.7 < z < 1.0, that were searched for associated Hi 21-cm absorption using uGMRT. Previously, just four such absorbers were known in the literature at these redshifts; the current observations have increased the total to eight. The results indicate that the detection fraction at intermediate redshifts could be as high as that at lower redshifts, ≈ 30%, on contrary to a much lower detection fraction observed in samples at z > 1. Three detections show strong blueshifted features, indicating cold gas outflows. These three sources also tentatively show excess [O ii] line luminosity compared to a bulk of the remaining sample, possibly suggesting that the hosts of these AGNs harbour different environments, either due to interaction with the radio jets or due to excess star formation in the host galaxy. Further, a cold Hi mass outflow rate of ≈ 78 M ⊙ yr −1 , assuming T s = 1000 K, is estimated for the detection towards SDSS J014652.79-015721.2, at z = 0.95904, which is the highest till date in comparison to similar estimates available in the literature.
INTRODUCTION
The evolutions of the Active Galactic Nucleus (AGN) and its host galaxy are thought to be closely related (e.g., Ferrarese & Merritt 2000; Wang et al. 2013) . The fuelling of AGN activity and the feedback mechanisms are two important processes that likely involve significant interactions between the AGN and its host galaxy, and have strong infuence on galaxy evolution. The circumnuclear material that constitutes ionized, atomic and molecular gas, and dust components, is thought to provide the fuel for the AGN activity (e.g., Heckman et al. 1986; van Gorkom et al. 1989; Canalizo et al. 2007 ). The gas inflows to the central regions either through slow accretion, or through triggered infalls due to galaxy mergers that often lead to circumnuclear starbursts (e.g., Jogee 2006; Davies et al. 2010) . Conversely, there has been increasing evidence in recent years showing that the AGN jets kinematically interact with the surrounding medium, creating outflows of cold and/or hot gas (e.g., Morganti et al. 2013; Emonts et al. 2014; Tombesi et al. 2014) . Such mechanisms could lead to ⋆ adityaj@iucaa.in quenching of star formation in the host galaxy and also could end the active state of the nucleus in a few cases (e.g., Fabian 2012) . Discerning the distribution and kinematical properties of the gaseous material in the vicinities of AGNs is hence essential for understanding galaxy evolution.
Atomic hydrogen (Hi), a dominant component of the gaseous interstellar medium, can be probed via Hi 21-cm absorption against the bright central radio source, the AGN. A majority of such 'associated' Hi 21-cm absorption studies in the past are mainly focused at low redshifts, z < 1. For example, Vermeulen et al. (2003) conducted a survey of compact objects in the redshift range 0.2 < z < 0.84. Later, Gupta et al. (2006) have searched for associated Hi 21-cm absorption towards a sample of AGNs, in which a majority of the sources were at redshifts z < 0.35. Recently, Geréb et al. (2015) and Maccagni et al. (2017) observed a large sample of ∼ 250 sources at redshifts z < 0.3. The kinematics of the gas relative to the AGN can be inferred through the Hi 21-cm absorption technique. The above studies find that narrow absorption profiles (with widths 200 km s −1 ) that are close to the AGN systemic velocity, are mostly produced by Hi clouds rotating in circumnuclear disks, while broader profiles with blueshifted components indicate un-settled gas structures that are possibly the resultants of gas-rich mergers or strong outflows. Particularly, wide (with width 300 km s −1 ) and shallow blue-shifted wings are often found to be associated with jet driven outflows, because VLBI follow-up observations could trace these wings against the radio jets, and associate the high velocity gas with the expansion of the AGN (e.g. Oosterloo et al. 2000; Morganti et al. 2013) . Here, the redshift of the AGN is most often estimated through optical emission lines.
Overall, at present over 650 systems have been searched for associated Hi 21-cm absorption (e.g., Vermeulen et al. 2003; Gupta et al. 2006; Curran et al. 2013; Aditya et al. 2016; Maccagni et al. 2017; Aditya & Kanekar 2018b) , with more than 120 detections reported in the literature. A majority ( 550) of the searches have been limited to redshifts z < 0.6, that consist of samples of both compact, flat-to-inverted spectrum sources and extended, steepspectrum radio sources. The typically reported detection fraction at these low redshifts is ≈ 30%. At redshifts z > 1.0, however, compact, flat-spectrum radio sources dominate the samples that have been searched for associated Hi 21-cm absorption. Approximately 90 sources have been searched at z > 1.0 (e.g., Curran et al. 2013; Aditya et al. 2016; Aditya & Kanekar 2018b ) with the detection rate being consistently low at 10% (compared to ∼ 30% at low-z -cf. Geréb et al. 2015 ) . Further, Aditya et al. (2016) ; Aditya & Kanekar (2018b) reported that among flatspectrum radio sources the strength of Hi 21-cm absorption is weaker at higher redshifts. The difference in the absorption strengths in the low-z and high-z sub-samples was found to be of 3σ significance. Although the low detection rate at z > 1 indicates a possible redshift evolution in the gaseous environments of AGNs, it is important to note that the highz samples are currently dominated by flat-spectrum radio sources whereas low-z samples include both flat and steep spectrum sources. It hence needs to be tested whether the results pertain to all classes of AGNs.
Presently, the intermediate redshift range, i.e. 0.7 < z < 1.0, has just 14 searches for associated Hi 21-cm absorption reported in the literature (Carilli et al. 1998; Peck et al. 2000; Vermeulen et al. 2003; Curran et al. 2011; Salter et al. 2010; Yan et al. 2016) . Moreover, the number of reported detections is just four. The physical conditions of neutral gas in systems at these intermediate redshifts are largely unprobed. The lack of suitable observing bands in the currently available telescopes is the main hindrance for Hi 21-cm observations in this range. With the advent of uGMRT (upgraded Giant Metre Wave Radio Telescope), that covers almost seamlessly from 50 MHz to 1500 MHz, it is now possible to study Hi 21-cm absorption systems up to very high redshifts. The newly released 550-850 MHz (Band-4) receiver is particularly suitable for Hi 21-cm absorption studies at intermediate to high redshifts, 0.7 < z < 1.6. Here, I report observations from a pilot survey to search for Hi 21-cm absorption in a sample of 11 radio galaxies at 0.7 < z < 1, using recently released Band-4 of the uGMRT. 
SAMPLE SELECTION
The sample is based on the Faint Images of the Radio Sky at Twenty-Centimeters (FIRST, Becker et al. 1995) catalogue. Initially, the sources that are brighter than 100 mJy at 1.4 GHz were selected, since these would require shorter integration times (a few hours) to achieve reasonable Hi 21-cm optical depth sensitivity. Next, the sky coordinates of the sources were cross-matched with those in Sloan Digital Sky Survey (SDSS) Data Release 13 (Albareti et al. 2017) , and based on the optical redshifts 590 sources were identified at 0.7 < z < 1.6. These sources were observable with the Band-4 of uGMRT, to search for associated Hi 21-cm absorption. Out of the 590 sources, 60 objects are identified as galaxies (all at z < 1), while the remaining 530 are identified as quasars, in the SDSS database. For the pilot survey presented here, a sample of 11 radio-bright galaxies was selected, all the sources in the sample are at 0.7 < z < 1.0. Lately, the Wide-field Infrared Survey Explorer (WISE; Cutri et al. 2013a,b ) colours have been used by various authors to relate the radio source and/or Hi properties with those of the host galaxy (e.g. Chandola & Saikia 2017; Maccagni et al. 2017; Moss et al. 2017) . The emission lines from dust and Polycyclic-Aromatic Hydrocarbons (PAHs), that may trace star formation activity in a galaxy, are known to peak at 11.3 µm (e.g., Nikutta et al. 2014) . The W3(12 µm) band of WISE is hence known to be sensitive to the presence of dust and PAHs. Galaxies that are rich in dust Notes: The parameters in the table are (1) the source name, (2) the alternative name, for easy recognition of sources in this paper, (3) the redshift from SDSS DR14, (4) and (5) the peak and integrated flux densities at 1.4 GHz, in mJy, obtained from FIRST catalogue, (6), (7), (8) and (9) the magnitudes at 3.4 µm, 4.6 µm, 12 µm and 22 µm bands, respectively, obtained from WISE infrared catalogue. a Note: For these two sources, the emission lines detected in the SDSS spectra are weak leading to relatively larger redshift uncertainties. Notes: The parameters in the table are (1) the source name, (2) the source redshift, z, (3) the redshifted Hi 21-cm line frequency, ν HI , in MHz, (4) the spectral resolution, in km s −1 , after Hanning-smoothing and re-sampling the spectra, (5) the observed flux density of the source, S obs , in mJy, (6) the RMS noise on the spectrum for non-detections, and on the line-free channels for spectra with detections, ∆S, in mJy, (7) the optical depth RMS on the spectrum for non-detections, and on the line-free channels for spectra with detections, ∆τ , (8) the velocity integrated optical depth of the Hi 21-cm absorption, τ dv, in km s −1 , (9) the Hi column density, N HI , (10) the logarithm of the AGN luminosity L 1.4 GHz in W Hz −1 at a rest-frame frequency of 1.4 GHz, i.e. L ′ 1.4 GHz = Log[L 1.4 GHz / W Hz −1 ], and (11) the [O ii] line luminosity, L OII , in erg s −1 . a Note: For Hi 21-cm non-detections, the values are 3σ upper limits on the velocity-integrated optical depth and the Hi column density, assuming a Gaussian line with a FWHM of 100 km s −1 . Here, Ts is the spin temperature and cf is the covering factor.
For these sources, the details correspond to the second observing run, that has a higher sensitivity. d Note: For these sources, the quoted velocity resolution is without Hanning-smoothing and re-sampling.
have a enhanced luminosity at 12 µm, thus having a higher W2-W3 colour; starburst galaxies that are rich in PAHs and dust typically have W2-W3 > 3.4 mag (e.g., Rosario et al. 2013) . Hence for the current sample, the sky coordinates of each source were cross-matched with Wide-field Infrared Survey Explorer (WISE; Cutri et al. 2013a,b ) all-sky survey catalogue to extract the WISE magnitudes, using the Vizier online catalogue access tool (Ochsenbein et al. 2000) . The redshifts, 1.4 GHz flux densities and WISE magnitudes of the sample are presented in Table 1 . In the current sample, 0146-01 and 0910+24 have the highest W2-W3 colour, with 3.60 mag and 3.96 mag respectively, while the median W2-W3 colour of the sample is 2.89 mag.
OBSERVATIONS AND DATA REDUCTION
The observations were carried out during 15th May to 17th June, 2017 (proposal ID: 32 101) . The uGMRT's 550-850 MHz receiver was used to observe the sample. The newly released GMRT Wideband Backend (GWB), with 200 MHz bandwidth covering 650-850 MHz, split into 8 K channels, was used. This yielded a spectral resolution of ∼ 10 km s −1 at the centre of the band, sufficient to detect and resolve Hi 21-cm absorption lines that typically have line-widths in the range of a few tens to a few hundreds of km s −1 . In three cases (1048+35, 1013+24 and 0146-01) weak, tentative absorption lines were detected. These were followed up with narrow band observations using the GMRT Software Backend (GSB), with 4 MHz bandwidth for 1048+35 and 1013+24, and 16 MHz bandwidth for 0146-01. The bandwidths were split into 512 channels each, yielding a finer velocity resolution. The final velocity resolution was ∼ 20 km s −1 for the non-detections, after Hanning smoothing and re-sampling (see discussion below), and 13.5 km s −1 , 3.4 km s −1 , 3.2 km s −1 and 9.4 km s −1 , for 0146-01, 1013+24, 1048+35 and 1648+22, respectively.
The data were recorded by following the usual pattern of observing a standard flux calibrator; i.e. 3C48, 3C147 or 3C286 every few hours. Long observing scans on the target source were bracketed by short observing scans on nearby phase calibrator. Nearby compact sources, within ≈ 10
• − 15
• of the target source, chosen from the VLA calibrator manual, were used for phase calibration. The flux calibrators were used to calibrate the system passband. Typically, the scans on the flux calibrators were of ≈ 10 minutes, while those on phase calibrators were ≈ 7 minutes.
The data were analysed using the Astronomical Image Processing System (AIPS, Greisen 2003) . The standard procedures of data editing, gain and bandpass calibration, self-calibration and imaging were followed. A more detailed description of the data reduction steps can be found in Aditya et al. (2016) , but note that the paper does not include the galaxies that are considered here. For the results presented here, only 17 MHz of the band, centered at the redshifted Hi 21-cm frequency, was used. The procedure yielded a continuum image at the observing frequency, and a continuum subtracted Hi 21-cm absorption spectrum extracted at the location of the target radio source. Except for four sources with detections all the spectra were Hanningsmoothed and re-sampled. The final spectrum was then obtained by fitting and subtracting a second order polynomial, if required, from the line free channels.
RESULTS
The Band-4 uGMRT images have a spatial resolution of ≈ 6 ′′ × 6 ′′ , all the radio sources were unresolved at this resolution. A single Gaussian component was hence fitted to the target source in the image plane, and the peak flux densities (listed in Table 2) were measured, using the task JMFIT.
Here it should be noted that although JMFIT measurement errors are < 1 mJy in all cases, the errors on the flux densities are dominated by systematic effects (≈ 10%), for GMRT at these frequencies, based on earlier observations. Four new detections of associated Hi 21-cm absorption were obtained; towards 1648+22 at z = 0.82266, towards 1048+35 at z = 0.84644, towards 1013+24 at z = 0.94959 and towards 0146-01 at z = 0.95904. In the case of 1648+22 the absorption line was detected with a high Signal-to-Noise Ratio (SNR) in I, RR and LL stokes, with similar line strength in all cases. In the cases of 1048+35, 0146-01 and 1013+24, the reality of the absorption feature was confirmed using a second uGMRT observing run, at a different epoch. The absorption feature has similar line strength in RR and LL stokes, and a high SNR, in all cases. The spectra of the four detections are plotted in the Figures 1, 2, 3 , and 4. For the three sources 1048+35, 1013+24 and 0146-01 that have been re-observed, the spectra correspond to the second observing run that has a higher sensitivity. The spectra of the remaining 7 sources are consistent with noise, with no evidence of any significant absorption; the median RMS noise of the sample is 4.12 mJy. The RMS noise on the final spectra are obtained on the line-free, RFI-free spectrum. The spectra of sources with non-detections are plotted in Figure 5 . The panels in the figure show flux density (in mJy) plotted against velocity (in km s −1 ) relative to the source redshift. Further, the integrated [O ii] emission line luminosities (LOII) for all the 11 radio sources were estimated, using their optical spectra taken from SDSS (Abolfathi et al. 2018) . For this, a spectrum with a width of ≈ 400Å around the [O ii] emission line was extracted from the SDSS spectrum for each target source. A linear polynomial was fitted to the line-free spectrum and was subtracted. Then the integrated flux of the line was obtained by adding the fluxes on the emission line. Using the SDSS redshift and the integrated [O ii] emission flux, line luminosity was estimated for each source. Note that here no correction was applied for dust reddening, which means that the quoted luminosities must be treated as lower limits. Table 2 summarizes the results from the GMRT observations, and lists the rest-frame 1.4 GHz radio luminosities and the [O ii] line luminosities of the sources.
In the following, the details of the four new detections are discussed.
1. 1648+22, at z = 0.82266
and Hβ emission lines are clearly detected in the SDSS optical spectrum. The redshift estimate for each source in the current sample was made using template fitting using a least-squares minimization algorithm (Bolton et al. 2012; Abolfathi et al. 2018) . The detection of a large number of lines allows an accurate estimate of the AGN redshift. The estimated redshift of the source is 0.82266 ± 0.00012. The Hi 21-cm absorption feature has a full width at nulls of ≈ 330 km/s (see Figure 1) . The integrated Hi 21-cm optical depth of the absorption is 16.06 ± 0.74 km s −1 , implying a Hi column density of (29.28 ± 1.35)×10
18 × (Ts/cf) cm −2 . This is the highest Hi column density detected in the sample. A single Gaussian profile has been fitted to the absorption feature, as shown in the Figure 1 . The number of Gaussians fitted here, and for the remaining detections, was the minimum needed to reduce the post-fit residual to noise. A chi-square test was used to determine the 'goodness' of the fit; the reduced χ 2 value is 1.02. The single Gaussian has a Full Width at Half Maximum (FWHM) of 194 km s −1 , that is marginally wide compared to Hi 21-cm absorbers at low redshifts (e.g., Maccagni et al. 2017) . The centroid of the Gaussian is redshifted relative to the AGN redshift by 107 km s −1 (see Table 3 ).
The spectrum of the source is extremely flat at low radio frequencies; the spectral index (α; Sν ∝ ν α ) between 1.4 GHz (flux density obtained from Becker et al. (1995) , FIRST radio catalogue) and 779 MHz (from current observations) is -0.02. This suggests that the radio source is either compact or core-dominated since such a flat spectral shape mainly occurs due to synchrotron self-absorption occurring in a relatively compact and dense emitting region. Indeed, the radio source is resolved only to a small degree in the milli-arcsec scale VLBI image at 4.8 GHz, by Helmboldt et al. (2007) . The source has a bright core with a flux density of ≈ 346 mJy at 4.8 GHz (Helmboldt et al. 2007 ), along with a faint one-sided radio lobe extending up to ≈ 69 pc towards west. A bulk of the Hi 21-cm absorption is likely arising against the bright radio core that has relatively higher flux density. This is because the low flux density of the extended lobe would imply a high Hi 21-cm opacity to produce the observed Hi 21-cm absorption. A strong absorption against the faint lobe would mean that there is an abrupt increase in the Hi opacity along the lobe. However, a contribution to the absorption from gas in front of the diffuse extended emission cannot be excluded in case of a strong absorption against the core. The simplicity of the absorption profile and near coincidence with the optical redshift (i.e. peak of absorption is within 200 km s −1 ) suggests that it possibly originates from the gas in the circumnuclear disk. (Abolfathi et al. 2018) . The spectrum at low radio frequencies is relatively steep, with α = −1.20 between 1.4 GHz and 769 MHz. High angular resolution VLBI studies are currently not available for this source in the literature. The Hi absorption spectrum from the second observation, that has a finer velocity resolution of 3.2 km s −1 , is displayed in the left panel of Figure 2 . The spectrum shows a 'two-horned' absorption profile, with two absorption peaks nearly centred around the AGN redshift. Along with this, a shallow blueshifted absorption 'tail' extending up to -300 km s −1 can also be seen. Five Gaussian components were fitted to the absorption profile, as shown in Figure 2 ; the reduced χ 2 value is 0.90. Three components are relatively narrow, with FWHM < 40 km s −1 , and two components are relatively broad, one having a FWHM of 146 km s −1 , and the other having 311 km s −1 (see Table 3 ). The two-horned absorption peaks have low velocity offsets (< 200 km s −1 ) relative to the AGN. Such absorption features mostly arise from Hi clouds that are possibly rotating in circumnuclear disks. The broad blueshifted feature, with a velocity offset of ≈ 300 km s −1 at the null, is possibly the resultant of AGN jet-gas interactions or a gas-rich merger, as discussed above.
1013+24, at z = 0.94959
The radio source is unresolved in the uGMRT image at 728 MHz. High-resolution VLBI images for the source are currently not available in the literature. The spectrum at low radio frequencies is marginally steep, with a spectral index of -0.85 between 1.4 GHz and 728 MHz. The SDSS optical image looks redder, with a slightly diffused structure (Abolfathi et al. 2018) 
and [Ne iii] emission lines are clearly detected in the optical spectrum. The estimated redshift of the source is z = 0.94959 ± 0.00008 (Abolfathi et al. 2018) . Three Gaussian profiles were fitted to the absorption feature; one of the components is broad with a FWHM of 247 km s −1 , and the other two are relatively narrow, with FWHM < 40 km s −1 (see Table 3 ). The reduced χ 2 value is 0.87. Interestingly, the peak of the Hi absorption profile is significantly blueshifted from the AGN optical redshift by ≈ 450 km s −1 (z = 0.94959 ± 0.00008). Strong blueshifted absorption features often show signatures of weaker extended absorption wings, indicating diffused gaseous outflows resulting from the kinematic interaction of AGN jet with gas. The diffused outflows tend to have relatively lower velocities compared to the bulk outflow.
However, in this case, the absorption profile looks nearly symmetric around the peak, with no detection of any weaker profile near the AGN systemic velocity. The present GMRT Hi absorption spectrum is possibly not sensitive enough to detect any weak absorption wing near the systemic velocity. Or in an alternative case, the symmetric absorption could be representing a kinematically 'un-disturbed' atomic cloud with no diffused gaseous structure, intercepting the line of sight towards the radio source at a lower redshift.
4. 0146-01, at z = 0.95904 A slew of both narrow and broad emission lines that
, are detected in the optical spectrum. The redshift has been estimated to be z = 0.95904 ± 0.00005 (Abolfathi et al. 2018 ). High spatial resolution VLBI studies are not available for this source in the literature. The spectrum at low radio frequencies is relatively steep, with α = −1.12 (estimated between 1.4 GHz and 725 MHz), suggesting the possibility of extended radio structure. However, the source is unresolved in the uGMRT image with ≈ 6 ′′ × 6 ′′ resolution. The Hi 21-cm absorption is extremely wide, with a width of ≈ 1800 km s −1 at the absorption nulls (see Figure 4) . The total velocity integrated optical depth of the absorption profile is 11.46 ± 0.22 km s −1 , implying a high Hi column density of (20.89 ± 0.04)×10
18 × (Ts/cf) cm −2 .
The absorption has a complex profile with three Gaussian components, with two of them having broad FWHM of over 400 km s −1 ; the reduced χ 2 value is 0.91. The centroids of two components are marginally blueshifted relative to the AGN, while the third component is redshifted by 715 km s −1 (see Table 3 ), suggesting that a significant fraction of the gas mass is possibly flowing towards the AGN. Earlier, a redshifted absorption with a similarly large velocity of 636 km s −1 relative to the AGN, was detected towards PKS 0428+20 at z = 0.219, by Vermeulen et al. (2003) . Recently, Dutta et al. (2018) have also reported large velocity inflows in merging systems at z 0.2. Such large gas inflows could be explained in scenarios of galaxy mergers, wherein gas components get channelled to the central regions due to removal of angular momentum (e.g., Jogee 2006; Di Matteo et al. 2008) . Circumnuclear starbursts are often seen to be associated with such a process; a high WISE colour (W2-W3) of 3.60 mag is also indicative of this. However, further high-resolution VLBI studies at the redshifted Hi 21-cm frequency are needed to understand the origin of this component.
Further, the absorption null extends up to ≈ 700 km s
on the blue side, implying that a significant fraction of the gas mass that has negative velocities, is also outflowing relative to the AGN. Curiously, the detection towards TXS 1245-197 at z = 1.275, reported recently by Aditya & Kanekar (2018a) , has a similar looking blueshifted absorption wing, that extends up to ≈ −800 km s −1 . The absorption peak is also coincident with the AGN redshift, as in the current case. It is argued in the case of TXS 1245-197 that the cold gas outflow is possibly driven by the radio jet, which could be the case even in the current system since such extremely fast outflows are expected to be the resultants of jet interactions (e.g., Morganti et al. 2013; Maccagni et al. 2017) . Earlier, there have been many such detections with outflows reported in the literature, and importantly fast cold gas outflows (with velocity 500 km s −1 ) are more commonly seen to be originating from the central kpc region, around the AGN (e.g., Morganti & Oosterloo 2018) . Possibly, the impact of the radio jets on the ambient medium could be maximum in these regions.
Next, by assuming that the outflow of neutral gas in the current system is driven by a mass-conserving free wind, I estimate the mass outflow rate (Ṁ) of Hi gas using the following expression (Morganti et al. 2005 ( 1) Here, Vout is the velocity of the outflow with which the gas flows into a solid angle Ω, from a minimum radius r⋆. Following Morganti et al. (2005) , I assumed a solid angle (Ω) of π radians, and the minimum radius r⋆ to be 1 kpc. The outflow velocity is assumed to be equal to half the full width at zero intensity, relative to the AGN systemic velocity (i.e. half the velocity width from the outer edge of the blueshifted Hi 21-cm absorption to the AGN systemic velocity); this corresponds to ≈ 350 km s −1 . A spin temperature of 1000 K and a covering factor of unity are assumed in estimating the Hi column density, NHI. I note here that these assumptions allow a direct comparison with the low-z results of Morganti et al. (2005) . Also, a high spin temperature (∼ 1000 K) is indeed expected for neutral gas that is located close to the AGN (e.g. Maloney et al. 1996) . Further, Hi 21-cm absorption studies of intervening damped Lyman α systems have pointed out that galaxies at high redshifts typically have higher spin temperatures, indicating larger fractions of warm neutral medium (e.g. Kanekar et al. 2014) , which may well also be the case for AGN environments. The estimated mass outflow rate,Ṁ, is ≈ 78 M⊙ yr −1 , which is the highest compared to the cold Hi mass outflow rates estimated in both high and low redshift systems to date (e.g., Morganti & Oosterloo 2018) . However, I note that this estimate critically depends upon the assumptions of Ts, r⋆ and Ω. The typically known outflow scales (r⋆) range from few×10 pc to 1 kpc (e.g. Morganti et al. 2005) . Hence, as such, the estimated mass outflow rate would represent an upper limit, considering high Ts and r⋆ values, of 1000 K and 1 kpc respectively. Lower values, for example, a spin temperature of 100 K and r⋆ of 100 pc, would yield a loweṙ M.
DISCUSSION

Excess [O ii] emission in associated absorption systems ?
There have been many efforts in the past that have used the optical emission lines to understand the AGN and the host galaxy properties (e.g. Baldwin et al. 1981; Tadhunter et al. 1998) . While broad and high ionization lines tend to arise from the immediate vicinity of the central massive blackhole, low ionization lines arise further out (e.g. Richardson et al. 2014) , tracing the host-galaxy dynamics, chemical composition and gas distribution. It is known that low ionization Notes: a Reference for redshift: Abolfathi et al. (2018) . b Velocity offset of the absorption line centroid from the optical redshift (negative means blueshifted line). c The line full width at half maximum.
gases trace the Hi distribution in the galactic disks (e.g. Lin & Zou 2001) . Indeed, Mg ii is known as a good tracer of high column density Hi gas in damped Lyman α absorbers (e.g. Bergeron & Stasińska 1986; Péroux et al. 2004) .
[O ii]
λ 3727 is widely used to trace star formation in galaxy surveys, particularly for redshifts z 0.4 (e.g. Lilly et al. 1996; Hippelein et al. 2003) . In optically selected quasars, [O ii] emission in excess of the base level that is expected from nonstellar photoionization indicates star formation accompanying quasar activity (e.g. Ho 2005) . These lines will hence allow a better understanding of the distribution and kinematical properties of the atomic gas. Recently, Shen & Ménard (2012) and Khare et al. (2014) To test this scenario in the case of associated cold Hi absorption systems, that are the focus of this paper, the integrated Hi 21-cm optical depths are plotted with respect to the LOII in Figure 6 . Interestingly, all the three Hi 21-cm detections with blueshifted features (0146-01, 1048+35 and 1013+24) have relatively high LOII compared to a bulk of the remaining sample. 0146-01 with a fast cold outflow (≈ 700 km s −1 ) has the highest LOII in the sample, while 1048+35 and 1013+24 have the third and fourth highest LOII respectively. These results are consistent with the findings of Khare et al. (2014) .
In the case of 0910+24, the source has the second highest LOII and also the highest WISE colour (W2-W3 = 3.96 mag) in the sample, both suggesting that the host galaxy is likely harbouring extreme star-burst activity, and possibly rich in PAHs and dust. It is surprising that Hi 21-cm absorption is not detected towards the radio source, particularly in view of the fact that the source 0146-01, with Hi 21-cm detection, has a similarly high W2-W3 colour and LOII. It is likely that the neutral gas is at a higher spin temperature, or it is not obscuring our line of sight towards the radio source in the case of 0910+24. Further, the detection towards 1648+22, although has the highest Hi integrated optical depth in the sample, has the least LOII. It should be noted here that there is no signature of a strong Hi outflow in the uGMRT spectrum of 1648+22. The peak of the Hi 21-cm absorption is redshifted relative to the AGN by 193.5 km s −1 , and the absorption has a FWHM of ≈ 107 km s −1 . The absorption extends only up to -75 km s −1 on the blue side. Further, since the excess emission flux in the [O ii] line does not seem to depend on the strength of the absorption line in the sample of Mg ii absorbers studied by Khare et al. (2014) , a high Hi 21-cm optical depth need not necessarily yield a high LOII. The source has W2-W3 colour of 3.05 mag, that is marginally higher than the median of the sample, suggesting the presence of dust. The weaker [O ii] emission, in this case, could be purely of stellar origin. Finally, I emphasize that the current sample size is small, and a further study using a larger, statistically significant sample would reveal a possible connection between the occurence of Hi outflows and [O ii] emission.
Distribution and kinematics of Hi
As discussed above, currently the intermediate redshift range (0.7 < z < 1.0) is barely explored in terms of associated Hi 21-cm absorption searches. With 4 detections (Vermeulen et al. 2003; Salter et al. 2010; Yan et al. 2016) and 10 upper limits, the number of such searches is just a handful. Current observations have added 4 new detections and 7 upper limits, doubling the number of detections at these redshifts, and also enhancing the sample size. As described in Section 2, the sample is purely flux-selected, based on SDSS and FIRST catalogues, similar in construction to Geréb et al. (2015) and Maccagni et al. (2017) samples at low redshifts, z < 0.23. However, here brighter sources with a higher median radio power, L 1.4 GHz,med = 10 27.06 W Hz −1 (see Table 2 ), are targetted, whereas the sample by Maccagni et al. (2017) has sources with a median L1.4 GHz of 10 24 W Hz −1 . The overall detection rate at low redshifts (at z < 0.23) has been observed to be 27%±5%, in a sample of 248 radio sources. Maccagni et al. (2017) also find that the detection rate is similar across the radio power, albeit with small number statistics in the bins, with the sample covering over three orders of magnitude in radio power. The current results are consistent with this, with a tentatively similar detection rate at a higher median radio power. However, since the current sample covers relatively small range of radio luminosities, 10 26.66 W Hz −1 to 10 27.67 W Hz −1 (see Table 2 ), and also since the size of the sample is small, it would not be reasonable to separate the sample into bins and estimate the detection rate. Next, the present observations are relatively shallow, with a median 3σ upper limit on the integrated optical depth of 2.04 km s −1 for an assumed line width of 100 km s −1 , while it is 0.81 km s −1 for the Maccagni et al. (2017) sample. A primary reason for the relatively shallow pilot search is that just 16 or fewer GMRT antennas were available during the observations in cycle 32 of GMRT. From cycle 33 onwards all the 30 antennas of GMRT will be fitted with UHF 550-850 MHz band receivers, and hence our future observations will probe deeper in terms of optical depth limits. The occurrence of four detections of associated Hi 21-cm absorbers in a sample of 11 in the relatively shallow pilot survey is encouraging, in the sense that the detection rate at intermediate redshifts could be similar to that at low redshifts, ≈ 30%, on contrary to a significantly low detection rate observed in samples searched at z > 1 (e.g., Curran et al. 2013; Aditya et al. 2016; Aditya & Kanekar 2018b) .
Further, as discussed in Section 4 three detections show strong blueshifted features, suggesting Hi outflows. The absorption null extends up to -300 km s −1 in the case of 1048+35, -750 km s −1 in 1013+24, and up to -700 km s −1 in the case of 0146-01. Studies of low-z populations by Vermeulen et al. (2003) ; Gupta et al. (2006); Geréb et al. (2015) ; Maccagni et al. (2017) find that blueshifted absorptions more often occur towards powerful radio luminous AGNs, suggesting that outflowing gas motions in higher luminosity sources are caused due to interactions between the radio source and the surrounding gaseous medium. For comparison, in the low-z sample of Maccagni et al. (2017) , the source with the largest blueshift of 284 km s −1 has a radio luminosity of L1.4 GHz ≈ 10 26.15 W Hz −1 . In their sample, the absorbers with luminosities L1.4 GHz > 10 24.5 W Hz −1 show blueshifts with 200 km s −1 . Hence, it is indeed expected to find a higher incidence rate of outflows in the current sample since relatively powerful radio sources, with median L1.4 GHz of 10 27.06 W Hz −1 , were targetted. Particularly, all the three radio sources with blueshifted absorption features have L1.4 GHz > 10 27 W Hz −1 (see Table 2 ). These lie at the extreme high luminosity end of the distribution studied by Maccagni et al. (2017) , suggesting the powerful nature of the central engines in these objects. The Hi outflows in these three cases are arguably caused due to radio jet-gas interactions.
SUMMARY
A sample of 11 radio-bright galaxies at redshifts 0.7 < z < 1.0 were observed using uGMRT to search for associated Hi 21-cm absorption. The search has yielded four new detections and seven upper limits, increasing the number of known detections at intermediate redshifts to eight, and also enhancing the sample size of associated Hi 21-cm absorption searches at these redshifts. The numbers indicate that the detection rate could be as high as that at low redshifts, ≈ 30%, on contrary to a low detection rate observed in samples at z > 1. Further, out of the four new detections, three show evidence for large blueshifted features, indicating cold gas outflows. Highest cold gas mass outflow rate of ≈ 78 M⊙ yr −1 is estimated for the detection towards 0146-01, at z = 0.95904, assuming a spin temperature of 1000 K. Further, the three absorbers with Hi outflows also tentatively show an excess [O ii] line luminosity than the bulk of the remaining sample, indicating that the hosts of these AGNs harbour different environments, either due to excess stellar outbursts or due to AGN jet-gas interactions. Studies of low-z populations find that AGN associated Hi outflows more commonly occur towards powerful central radio sources, arguing that the interactions between the radio source and the surrounding gas as the cause for outflowing gas motions. The radio sources with outflows in the current sample are highly luminous, with L1.4 GHz > 10 27 W Hz −1 . The extreme powerful nature of the central engines in these objects possibly explains the Hi outflows in these sources. made these observations possible. The GMRT is run by the National Centre for Radio Astrophysics of the Tata Institute of Fundamental Research. This research has made use of the NASA/IPAC Extragalactic Database (NED) which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration. Further, I acknowledge support from the Indo-French Centre for the Promotion of Advanced Research under Project 5504-B (PIs: N. Gupta, P. Noterdaeme). I thank the anonymous referee for a very helpful report that significantly improved the quality of the paper.
